A mixture of steamed soybean and boiled rice with seeded Aspergillus oryzae was naturally fermented without addition of yeasts or Lactobacilli, and kept matured for 12 months at room temperature. Chemical analysis of this rice-koji miso sample for lipid changes during maturation showed that triacylglycerol was gradually decomposed into free fatty acid, with distinct formation of fatty acid ethyl ester which, six months after the start of fermentation, came to account for 35.0% of total lipid. The ester was constituted primarily with linoleic acid (ca. 50%) and oleic acid (ca. 20%), no appreciable change in this proportion being observed during maturation. Also, the proportion was unique in that this did not reflect the fatty acid composition in a mixture of the two materials. It is possible to monitor the maturation of the rice-koji miso by following up the increase with time in fatty acid ethyl ester.
We have investigated effects of different temperature conditions during the distribution of rice-koji miso, a type of fermented soybean paste, on quality, and reported that, at high temperature, it undergoes greater lipid changes than many other fermented foods. 1, 2) Though similar reports have been presented of lipid changes taking place in miso products during maturation at high temperature, [3] [4] [5] [6] [7] [8] no information is available on the details of time-course changes in lipid fractions of rice-koji miso under low-temperature conditions.
Rice-koji miso represents almost 80% of commercial miso products, and we prepared this type of miso by natural fermentation without adding particular yeasts or Lactobacilli. In detail, we used rice, Oryza sativa L. japonica, var. Koshihikari, and soybean, Glycine max, Chiba Prefecture product. A mixture was prepared from boiled rice (1 kg on dry-matter basis) and steamed soybean (1 kg on dry-matter basis). About 2 kg of the mixture (water content: 49.4%) with added NaCl (600 g) was placed in a bottle (3 liters) made from ceramics and kept maturated for 12 months under ambient humidity with a temperature bias between 15 C and 25 C. The total lipid was sampled by extraction with chloroform-methanol (2:1 by volume) at appropriate intervals during maturation and its constituting fractions were analyzed by thin-layer chromatography with Silica gel-60 (Merck). For the development, n-hexane-diethyl ether-acetic acid (80:30:1 by volume) was used as a solvent. To detect spots, K 2 Cr 2 O 7 dissolved in H 2 SO 4 was sprayed and heated at 140 C for 15 min. Each spot detected was measured using Chromato-scanner CS-900 (Shimadzu). The following standard samples were used: triacylglycerol, diacylglycerol, and monoacylglycerol, free fatty acid and its ethyl ester, phytosterol and its ethyl ester, and phospholipid which were all prepared as described. 9) Each lipid fraction was recovered from its spot (before spraying the coloring reagent) by extraction with an adequate amount of chloroform-methanol (2:1 by volume). Each extract was dried up, treated with 5% HCl in methanol, and analyzed for fatty acid methyl esters using gas chromatograph 4CM (Shimadzu) equipped with a 10%-DEGS/Shimalite W column (0.3 Â 200 cm). The operation temperature was set at 180 C, with the carrier gas (N 2 ) controlled at the flow rate of 35 ml/min. Identification of the peaks detected was done in comparison with authentic fatty acid methyl esters for retention times.
During the maturation of the rice-koji miso, we first observed its color and flavor changes. The color began to change somewhat within the first month and became deeply brownish as the maturation proceeded. A flavor change occurred as well. At the beginning of the maturation, the rice-koji miso had an immature flavor due to boiled soybean and steamed rice. It gradually changed into a mature, fermentation flavor a few months after. In another few months from that, an organoleptically best flavor resulted, which was degraded thereafter, with formation of an off-flavor.
Clearer changes were observed in lipid fractions as shown in a semi-quantitative manner (Fig. 1) . Normal amounts of lipid fractions were found in material soybean and rice-koji and their fatty acids compositions were thought to be still normal (Table 1) . However, an unsaturated fatty acid-rich fraction was liberated, probably by the action of Aspergillus oryzae lipases.
10) It may deserve note that fatty acid ethyl ester, not occurring per se in soybean and rice, appeared a few months after the start of fermentation and increased to be a major constituent shortly after. In detail, it amounted to only 1.7% of total lipid at an early stage of fermentation and increased during maturation to reach 35.0% in the long run (Table 2-A). In contrast, triacylglycerol decreased from 57.7% at the beginning down to 30.9% at the end of the maturation (Table 2-A) .
There was a clear quantitative interrelation among free fatty acid keeping a constant level during maturation, triacylglycerol decreasing with distinction, and fatty acid ethyl ester increasing to become a major constituent of the rice-koji miso (Table 2-A). The increase in fatty acid ethyl ester is apparently due to ester-ester conversion catalyzed by lipases as reported.
10,11) Yasuhira et al. 12) have pointed out that fatty acid ethyl ester is produced in fermented soybean paste to an appreciable extent when its ethanol level becomes 0.1% or more during maturation. In our case, this ester was nil at the beginning probably because neither yeast nor Lactobacillus had been added, but its distinct formation resulted a few months after. This indicates that the enzymatic reaction has efficiently proceeded during maturation. The proceeding of this process is particularly important because fatty acid ethyl ester directly or indirectly contributes to the maturation flavor of any fermentation food. 10) Linoleic acid is the most abundant constituent of the fatty acid ethyl ester in the rice-koji miso. Apparently, this reflects the original fatty acid composition in the soybeans (Table 1) . However, larger amounts of saturated fatty acids existed in the free fatty acid fraction than in the total lipid (Table 2-B) . This may be due to the fact that, in plant oil triacylglycerols, saturated fatty acids occur mostly as being their moieties at the 1-and 3-positions of the glycerol residue, and also due to the possibility that Aspergillus oryzae lipases often have law substrate specificities toward these positions. 3, 5, 7) This possibility is reflected in our data that the fatty acid ethyl ester is constituted primarily with linoleic acid (ca. 50%) and then with oleic acid (ca. 20%), their proportion not being seen in the material soybean and rice (Table 2-B) .
Our study here clearly shows that, in the natural fermentation under the relatively low-temperature conditions we used, fatty acid ethyl ester constituted mostly with unsaturated fatty acids is produced in rice-koji miso as its maturation proceeds. It may thus be possible to follow up the fermentation process by monitoring the increase of fatty acid ethyl ester which is also a maturation flavor contributor. It was indicated that free fatty acid generated from triacylglycerol become fatty acid ethyl ester immediately. For details on the significance of the constituting unsaturated fatty acid in miso products, we should await further experimentation. Table 1 and Table 2 a Percent proportion.
For symbols see Table 1 and Table 2 -A. tr: trace.
